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The radionuclide pu rity of a radiopharmaceutical prod uct is usu ally mea sured by gamma-ray
spec trom e try with var i ous mea sure ment ge om e tries. The im por tance of this test is that the
radionuclide im pu ri ties, if pres ent, re sult in an in crease in the ra di a tion dose to the pa tient
with out con trib ut ing to di ag nos tic in for ma tion and in some cases may also in ter fere with the
mark ing mol e cules and af fect the proper con duct of di ag nos tic ex am i na tion. In this work,
gamma-ray spec trom e try is used to de ter mine the amounts of im pu ri ties by adopt ing as mea -
sure ment ge om e try the same bot tle con tain ing eluted or pre pared radiopharmaceuticals. In
ad di tion to high-pu rity ger ma nium semi con duc tor de tec tors, the use ful ness of NaI(Tl) and
LaBr3(Ce) scin til la tors in rou tine op er a tion is also ex am ined. For the lat ter de tec tors, an eval -
u a tion of the min i mum de tect able ac tiv ity was car ried out and com pared with the ac tiv ity lim -
its es tab lished by the reg u la tion rules. The main cases con sid ered are re lated to the first elu -
tion of 99Mo-99mTc gen er a tors and sam ples of 18F-FDG (fluoro-deoxy-glu cose) to be used for
positron emis sion to mog ra phy di ag nos tics. 
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IN TRO DUC TION
The in creas ing oc cur rence of di ag nos tic tech -
niques based on the use of radiopharmaceuticals, such
as positron emis sion tomography (PET) or single
photon emis sion computed tomography (SPECT), has
made some safety con di tions more re stric tive for ad -
min is tra tion of ra dio ac tive sub stances to pa tients. The
rules of good prep a ra tion of radiopharmaceuticals in
nu clear med i cine, con tained for ex am ple in Eu ro pean
Phar ma co poeia [1], have iden ti fied cri te ria and con -
trol pro ce dures for the qual ity man age ment of
radiopharmaceutical prep a ra tions, achieved through a
se ries of tests to as sess phys i cal, chem i cal, and bi o log -
i cal pa ram e ters. Among these, par tic u lar at ten tion was 
paid to as sess the radionuclide pu rity, de fined as the
frac tion of the ra dio ac tiv ity of a given radionuclide
com pared to the amount of the fi nal prod uct used for
di ag nos tics. The im por tance of this test is that the
radionuclide im pu ri ties, if pres ent, re sult in an in -
crease in the ra di a tion dose to the pa tient with out con -
trib ut ing to the in for ma tion and in some cases may
also in ter fere with the mark ing mol e cules and af fect
the ex am i na tion [2].
The most of ten em ployed tech nique in de ter min -
ing radionuclide pu rity of a given radiopharmaceutical 
is gamma-ray spec trom e try with the use of high-pu rity 
ger ma nium (HPGe) de tec tors [3-7] or scin til la tion de -
tec tors [8]. In or der to im prove the ef fi ciency of the
spec tro met ric sys tem, it is of ten nec es sary to use en -
vel op ing ge om e tries (e. g. Marinelli beak ers). The
prep a ra tion of these sam ples can in volve a ra di a tion
risk to the op er a tors, par tic u larly if it re quires a han -
dling pro ce dure of open ra dio ac tive sub stances or
mix ing of small quan ti ties into a liq uid ma trix. To
avoid such pro ce dures, we de vel oped in this work a
gamma-ray spec tro met ric pro ce dure to de ter mine the
ac tiv i ties (or con cen tra tions) of im pu ri ties in the same
bot tle that used to con tain eluted or pro duced
radiopharmaceuticals. In par tic u lar, we ex am ined
some gamma-ray spec tro met ric mea sure ments car ried 
out on sam ples re sult ing from the first elu tion of
99Mo-99mTc gen er a tors used for SPECT or sam ples
from syn the sis of 18F-FDG (fluoro-deoxy-glu cose) to
be used for PET di ag nos tics. The im por tance of these
mea sure ments is re lated to the rec om men da tion of na -
tional and in ter na tional agen cies [1, 9-11] to mea sure
the con tent of  99Mo and alu mi num in the first eluate of
a new gen er a tor, to ver ify that the 99Mo frac tion does
not ex ceed 0.01% of the ini tial 99mTc ac tiv ity. FDG
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prep a ra tion re quires a pu rity of 99.9%, i. e. the to tal
amount of quan tity of other radionuclides must not ex -
ceed 0.1% of the to tal ac tiv ity. To as sess the con cen tra -
tion of radionuclides and ver ify com pli ance with these 
quan ti ties, a cal i bra tion pro ce dure of the ef fi ciency of
the spec trom e ter was car ried out by mea sur ing sam -
ples of a cal i brated so lu tion of 152-154EuCl3 con tained
in the same bot tles.
In all mea sure ments, quan ti ties de ter mined were 
still be low the per cent age of the pri mary prod uct as the 
limit in di cated by the Phar ma co poeia [1]. We also con -
sid ered the pos si bil ity of us ing other de tec tors, such as
NaI(Tl) and LaBr3(Ce) scin til la tors. How ever, the use
of scin til la tion de tec tors is less ad vis able be cause of
their de tec tion lim its which pre vent de tec tion of the
photopeaks re lated to the main radionuclides pres ent
as im pu ri ties in a sam ple. In this case, an as sess ment of 
MDA al lows the ver i fi ca tion of the com pli ance with
the ac tiv ity lim its in di cated by the stan dard rules.
MA TE RI ALS AND METH ODS
Sam ples of  FDG and of  99Mo-99mTc gen er a tor
first elu tion were pro vided from the “San Gaetano”
Nu clear Med i cine Cen ter, lo cated at Bagheria, a lit tle
city near Palermo, It aly, while other sam ples orig i nate
from the “Villa So fia Nu clear Med i cine Cen ter”, lo -
cated in the city of Palermo and an nexed to a pub lic
hos pi tal.  The  quan ti ties  of  radioapharmaceuticals,
10 ml of re sid ual so lu tion for the sam ple of FDG and
10 ml of the first elu tion from the 99Mo-99mTc gen er a -
tor, were pro vided in glass vi als of the shape and size
nor mally used by nu clear med i cine de part ments.
The same sam ples, with no fur ther ac tion ex cept
clo sure by a plas tic bag to avoid the spread of con tam i -
na tion, were sub jected to gamma spec tro met ric anal y -
sis us ing a mea sure ment sys tem based on a HPGe de -
tec tor ORTEC GEM 50195S, a de tec tor with a very
low back ground and high rel a tive ef fi ciency (60%).
The sam ples were placed di rectly on the top of the de -
tec tor, with out any ma te rial be tween the de tec tor
end-cap and sam ple. An am pli fier ORTEC mod. 672
and a mul ti chan nel an a lyzer ORTEC mod. 919E con -
nected to a per sonal com puter in the Ethernet en vi ron -
ment were used to an a lyze sig nals. Fig ure 1 shows a
pho to graph of the glass bot tle used for sam ples of
FDG.
Cal i bra tion of ef fi ciency, tak ing into ac count
variable forms of vi als for FDG and those of 99mTc
eluate used in var i ous nu clear med i cine de part ments,
was per formed with stan dards pre pared with the pro -
ce dure de scribed be low. Bottles of the same shape,
with a self-seal ing rub ber stop per, were filled with
about 10 ml of dis tilled wa ter and then a small amount
(one or two drops) of a con cen trated eu ro pium chlo -
ride so lu tion con tain ing a large amount of 152Eu and
154Eu was added. Similarly other stan dards were pre -
pared con tain ing 5, 15, and 20 ml of so lu tion to de ter -
mine the ac tiv i ties con tained in sam ples of dif fer ent
heights (i. e. dif fer ent thick ness), as the ones from dif -
fer ent cen ters. Fig ure 2 shows a pho to graph of some of 
the cal i bra tion vi als, sealed in suit able plas tic bags.
The ac tiv ity of 152Eu and 154Eu in each bot tle is
unknown a pri ori; to de ter mine 152Eu and 154Eu ac tiv i -
ties a com par i son be tween a mea sure ment of the vial
placed at 25 cm from the de tec tor and the cor re spond -
ing cal i brated point source of 152Eu pro vided by
Amersham was per formed.
The value of ac tiv ity of each radionuclide is then
de ter mined by us ing a weighted av er age of the val ues
re lated to the gamma-ray with a higher emis sion rate.
Then, the cal i bra tion bot tle is mea sured in con tact with
the de tec tor, in the same lo ca tion of the sam ples to be
mea sured. Mea sure ments at small dis tances from the
de tec tor are af fected by er rors due mainly to the
self-ab sorp tion in the ma trix of the sam ple and co in ci -
dence-sum ming ef fects as so ci ated with multi-en ergy
emis sions of 152Eu (and less for 154Eu), whose im por -
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Fig ure 1.  Pho to graph of a 10 ml glass bot tle con tain ing a
sam ple of FDG so lu tion
Fig ure 2. Pho to graph of cal i bra tion bot tles con tain ing
[152-154Eu]EuCl3 aque ous so lu tion
tance de pends on the ef fi ciency of the de tec tor. While
the self-ab sorp tion ef fects are taken into ac count by
us ing the same bot tle, ma trix, and height of the sam -
ples, an eval u a tion of the im por tance of co in ci -
dence-sum ming er rors is not easy to per form, and only
spe cific pro grams can be used. Suit able cor rec tions for 
the main 152Eu and 154Eu gamma emis sions were ob -
tained by us ing the CORCO pro gram [12] able to eval -
u ate ef fi ciency val ues of wa ter cy lin dri cal sources in
the pres ence of co in ci dence-sum ming er rors. How -
ever, the val ues of cor rec tion fac tors and the ones
given in lit er a ture for a de tec tor with a sim i lar vol ume
and “bot tle” type mea sure ment ge om e try do not ex -
ceed 10% [13] and this er ror range can also be ac -
cepted for the eval u a tions of radionuclide pu rity even
though it must still be taken into ac count in the eval u a -
tion of over all un cer tain ties.
The  de ter mined  ac tiv i ties of  the vi als were
1663 ± 45 Bq for FDG type and 1240 ± 40 Bq for the
eluate type. Such ac tiv i ties are small enough and do
not af fect mea sure ments due to the dead time of the de -
tec tor even for sources located near the de tec tor.
RE SULTS AND DIS CUS SION
 The anal y sis of the spec tro met ric mea sure ments
on dif fer ent sam ples shows the pres ence of some
radionuclides in all mea sure ments and en abled the de -
ter mi na tion of their re lated ac tiv i ties. For ex am ple,
figs. 3 and 4 show the spec tra re corded in a sam ple of
FDG (10 ml) mea sured af ter 30 days from its pro duc -
tion and a sam ple of 99mTc (first elu tion). The use of a
de tec tor of the type “low back ground” and a “clean -
ing” op er a tion of the mea sure ment cav ity with ex -
hausted ni tro gen (or with a ni tro gen gas from a cyl in -
der) be fore mea sur ing, elim i nates the char ac ter is tic
peaks of en vi ron men tal radionuclides, and re sults in
an im prove ment of spec trom e ter per for mances. Main
radionuclides high lighted are: 56Co, 57Co, 58Co for the
sam ple of FDG and only 99Mo for the sec ond sam ple.
We note that the iden ti fi ca tion and quan ti fi ca tion of
spe cific radionuclides (e. g, 103Ru, 131I, and oth ers) is
re lated to the type of gen er a tor and method of pro duc -
tion of the source, i. e. for ex am ple 99Mo ex tracted as a
fis sion prod uct. A typ i cal ex am ple is the spec trum
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Fig ure 3. Gamma-ray
spec trum of an FDG sam ple
Fig ure 4. Gamma-ray
spec trum of 99mTc sam ple
derived from a first elu tion
of a 99Mo-99mTc gen er a tor
(first man u fac turer)
shown in fig. 5, de tected in a sam ple (first elu tion) ex -
tracted from a gen er a tor of a dif fer ent man u fac turer,
where it shows the pres ence of 103Ru, a fis sion prod uct
as so ci ated with 99Mo.
The ac tiv i ties de ter mined in all the mea sured
sam ples are of the or der of 1 to 2 Bq for 99Mo, 0.2 to
0.5 Bq for 56Co and 57Co, while hav ing a value of
about 3 Bq for 58Co. Rel a tively higher val ues are due
to the sec ond type of gen er a tor, with val ues at least 3
times higher. The ac tiv ity val ues, re gard less of gen er -
a tor type, are al ways quite small and it is al ready dif fi -
cult to iden tify them ex cept by long time spec tro met ric
count ing. This shows the con sis tency with the re quire -
ments of the tech no log i cal pro cesses of pro duc tion
used by the man u fac tur ers of gen er a tors and the good -
ness of syn the sis pro ce dures for the pro duc tion of
radiopharmaceuticals for PET. Re gard ing the lat ter
ap pli ca tion, we have been able to ver ify that the small
con cen tra tions of im pu ri ties in the sam ples also de -
pend on the ef fec tive ness of fil ters and syn the sis tech -
niques used. For ex am ple, fig. 6 shows a gamma-ray
spec trum de tected on a QMA fil ter pro vided with an
IBA syn the sis mod ule. Sev eral events re lated to the
pres ence of im pu ri ties are iden ti fied whose quan tity is
sig nif i cantly higher than that de ter mined for FDG
sam ples, with the un cer tain ties due to dif fer ent mea -
sure ment ge om e try. This con firms the good ness of fil -
ters pro vided with syn the sis mod ule from IBA. 
The lit tle amount of im pu ri ties in ra dio-
pharmaceuticals, a per cent age much lower than the
ones pro vided in good prep a ra tion pro ce dures of
radiopharmaceuticals, is dif fi cult to de tect with low
en ergy res o lu tion de tec tors. As tested ex per i men tally,
the use of  a  NaI(Tl)  scintillator,  with  di men sions
∅3" ´ 3“, typ i cal en ergy res o lu tion 7%, did not al low
us to de tect ac tiv i ties with the abovementioned or der
of mag ni tude, which are lower than the de tec tion lim -
its of the spec trom e ter sys tem. Even an in no va tive
type LaBr3(Ce) scintillator, whose en ergy res o lu tion is 
very high (2.8% to 137Cs), does not yield sig nif i cant
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Fig ure 5. Gamma-ray spec trum of
 99mTc sam ple derived from
a first elu tion of a sec ond
man u fac turer gen er a tor
Fig ure 6. Gamma-ray spec trum of
QMA fil ter pro vided in an IBA
syn the sis mod ule
counts in de sired en ergy ranges be cause of the in her -
ent high back ground of the spec trum which in creases
the min i mum lev els of de tec tion [14-17].
How ever, a sys tem based on a scin til la tion de -
tec tor, prop erly shielded, may be use ful for a rapid as -
sess ment of the pu rity de gree if the de tec tion lim its are
still lower than the per cent age amounts im posed by the
Phar ma co peia. How ever, it is pos si ble to com pute the
min i mum de tect able ac tiv ity (MDA) value, i. e. the
low est ac tiv ity of a radionuclide that can be de ter -
mined for a ref er ence en ergy with a spec tro met ric sys -
tem in a given count ing time. To con firm that, mea -
sure ments of the same sam ples were made with both
spec tro met ric sys tems based on a Tennelec  NaI (Tl) ∅
3"× 3" scintillator and with a LaBr3(Ce) de tec tor, sup -
plied by Saint-Gobain ™, Bril liance-380 type, ∅ size
2"× 2“, di rectly cou pled to a photomultiplier PMT
XP5500 Photonis. For both de tec tor sys tems,
scintillator, photomultiplier and the mag netic shield
are her met i cally sealed in an alu mi num con tainer to
avoid hy gro scopic prob lems. Both de tec tors are used
in con nec tion with an Ortec No mad Plus Mul ti chan nel 
Buffer or an Ortec DigiBase (1024 chan nels) mul ti -
chan nel unit con nected via USB to a per sonal com -
puter. Data ac qui si tion and anal y sis are per formed by
us ing ScintiVision™ soft ware sup plied by Ametek
[18].
The spec tra ob tained with both spec tro met ric
sys tems did not high light photopeaks of in ter est, even
for long pe ri ods of count ing. There fore, we as sessed
MDA re lated to the ef fi ciency of each de tec tor and the
back ground count ing in the re gion-of-in ter est (ROI)
cor re spond ing to the ref er ence en ergy in the spec trum. 
The re la tion for MDA com pu ta tion, given by Cur rie
[19] for back ground and sam ple spec tra mea sured for
the same count ing time, is
MDA B
IT
[ . .Bq]
c
=
+271 4 65
e
(1)
where B is the ROI back ground (com puted as the
prod uct of the av er age value of the chan nel count ing
in the 2 × FWHM range of chan nels, with the full
width at half max i mum (FWHM) in ferred from the
cal i bra tion curve), e – the pho to elec tric ef fi ciency
(counts/pho ton), I – the emis sion prob a bil ity, and Tc – 
the ac tive time of count ing. The ef fi ciency val ues are
de ter mined by mea sur ing the same stan dard bot tle
with 152-154Eu used for the cal i bra tion of HPGe de tec -
tors. The MDA eval u a tions for the sys tem based on
the NaI (Tl) ∅ 3"× 3" scintillator vary both with
count ing time and shield ing of the de tec tor against
en vi ron men tal ra dio ac tiv ity, i. e. back ground level of
the de tec tor. 
Just in re la tion to the vari abil ity of the mea sure -
ment con di tions that can be re al ized in var i ous nu clear
med i cine cen ters, we have eval u ated a range of MDA
as sess ments with ref er ence to mea sure ments made in
dif fer ent con di tions and with count ing time of 3,600 s
(which cor re sponds to the high est MDA) and 80,000 s. 
The re sults, with ref er ence to main gamma emis sions
of some radionuclides, are re ported in tab. 1. The last
col umn con tains the ra tio (in %) be tween the value of
MDA and a ref er ence ac tiv ity of 370 MBq (10 mCi),
which ac counts for the dose given to pa tients for many
di ag nos tic tests.
As re gards the LaBr3(Ce) scintillator, a range of
MDA val ues is re ported in tab. 2, which are nev er the -
less con sis tent with those de ter mined above, and in
some cases, slightly higher. That fact, in some ways
sur pris ing, can be jus ti fied be cause of the high in trin -
sic back ground of the scintillator [14-17] that, for
some gamma emis sions, sig nif i cantly af fects the MDA 
value.
We can note that MDA val ues with short count -
ing times are smaller than the per cent ages listed in the
Phar ma co poeia. There fore, it may still be suf fi cient to
carry out a mea sure ment with this type of de tec tors to
check that the con di tion do no ex ceed the per cent age
lim its de scribed above.
CON CLU SIONS
Radionuclide pu rity of a radiopharmaceutical
can be as sessed through var i ous meth ods, but it is ad -
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Ta ble 1. MDA for ∅ 3" × 3" Nal(Tl) spec tro met ric
mea sure ments, count ing time ranged from 1 hour
(3.600 s) and 80.000 s
Nuclide Energy[keV]
Emission
probability
[%]
MDA
[Bq]
Ratio (with reference 
to a 370 MBq
activity) [%]
99Mo 181.1 5.99 3-57 8⋅10–5-2⋅10–3
739.5 12.13 4-29 1⋅10–4-8⋅10–4
56Co 846.8 99.97 0.5-3.5 1⋅10–5-9⋅10–5
1238.3 66.41 1-6 2⋅10–5-2⋅10–4
57Co 122.7 85.51 0.2-3 4⋅10–6-8⋅10–5
58Co 810.9 99.45 0.5-4 1⋅10–5-1⋅10–4
Ta ble 2. MDA ranges for ∅ 2" × 2" LaBr3(Ce)
spec tro met ric mea sure ments; count ing time ranged
from 1 hour (3.600 s) and 80.000 s
Nuclide Energy[%]
Emission
probability
[%]
MDA
[Bq]
Ration (with reference
to a 370 MBq
activity) [%]
99Mo 181.1 5.99 4-34 1⋅10–4-9⋅10–4
739.5 12.13 5-27 1⋅10–4-7⋅10–4
56Co 846.8 99.97 1.2-5.8 3⋅10–5-2⋅10–4
1238.3 66.41 1-7 3⋅10–5-2⋅10–4
57Co 122.7 85.51 0.25-2 6⋅10–6-5⋅10–5
58Co 810.9 99.45 1.2-6 3⋅10–5-2⋅10–4
vis able to use gamma spec trom e try with HPGe de tec -
tors for ini tial val i da tion of a new pro ce dure, for ex am -
ple af ter a re place ment of an im por tant com po nent in a
FDG pro duc tion chain or to test a new type of gen er a -
tor, and for sub se quent con fir ma tion tests. This can be
checked at reg u lar time in ter vals and can be con sid -
ered an off-line mon i tor ing of the sta bil ity of the gen -
er a tor or the qual ity of the radiopharmaceutical pro -
duc tion pro cess.
A sec ond test, ca pa ble of en sur ing com pli ance
with reg u la tory rules, can be per formed us ing a spec -
tro met ric sys tems based on scin til lat ing de tec tors, al -
though these are less sen si tive than the semi-con duct -
ing de tec tors.
These con clu sions may be use ful for op ti miz -
ing the pro ce dures for qual ity as sess ment of
radiopharmaceuticals and as guide lines in es tab lish -
ing the fre quency of per form ing these checks.
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Elio TOMAR^IO
GAMA  SPEKTROMETRIJSKO  MEREWE  ^ISTO]E
RADIONUKLIDA  RADIOFARMACEUTIKA  U  BOCAMA
^isto}a radionuklida radiofarmaceutskog proizvoda obi~no se odre|uje gama
spektrometrijom pri razli~itim geometrijama merewa. Va`nost ovakvog testa je u tome {to
ne~isto}e radionuklida, ukoliko postoje, uve}avaju dozu zra~ewa pacijenta ne doprinose}i
dijagnosti~koj informaciji, a u nekim slu~ajevima mogu se i pome{ati sa molekulima za
obele`avawe i uticati na pravilno sprovo|ewe dijagnosti~kog pregleda. U ovom radu je
kori{}ena gama spektrometrija radi odre|ivawa koli~ine ne~isto}e usvajaju}i za geometriju
merewa istu bocu koja sadr`i eluirane ili pripremqene radiofarmaceutike. Pored
poluprovodni~kih detektora sa germanijumom visoke ~isto}e (HPGe), ispitivana je i
upotrebqivost NaI(Tl) i LaBr3(Ce) scintilacionih detektora u rutinskim postupcima. Za
scintilacione detektore izvr{ena je procena praga detekcije i upore|ena sa grani~nim
aktivnostima koje su utvr|ene regulatornim pravilima. Glavna razmatrawa ticala su se prve
elucije 99Mo-99mTc generatora i uzoraka 18F-FDG (fluoro-dezoksi-glukoze) koji se koriste u
pozitronskoj emisionoj tomografiji – PET dijagnostici.
Kqu~ne re~i: ~isto}a radionuklida, PET, SPECT, gama spektrometrija, doza
